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SUMMARY
The energy required to produce comparable quantities of steel 
and concrete is determined.
The total energy content in a typical preengineered building 
is compared with that in a typical precast concrete building.
Various techniques to reduce the effect of steel thermal 
bridges in the outer envelope of buildings are discussed 
and quantitatively analysed.
The effect that external wall mass has on thermal efficiency 
is discussed.
INTRODUCTION
The energy crisis and rapid escalation of energy costs have 
brought the energy saving aspects of building design to the 
forefront. Heating and cooling of buildings consumes a 
considerable portion of the total energy.
Between 17% and 19% of total U.S. energy consumption is 
directed towards building space heating, most of it towards 
heating residential, commercial and institutional buildings. 
In Canada, between 19% and 20% of all energy is spent on 
heating and cooling buildings, as well as water heating for 
non-industrial purposes.
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The energy required to maintain acceptable indoor temperature 
depends on many factors such as climatic conditions, type of 
building, amount of insulation, use, internal heat generation, 
etc. Even assuming adequate insulation, the heatinq cost over 
the lifetime of the building might in some cases considerably 
exceed the initial cost of the building.
This paper will try to assess the energy performance of steel 
as a building material and discuss some means of improving 
the performance.
Steel is primarily used as a structural and envelope material 
in industrial, institutional, commercial and high rise 
residential buildings. Its main competition is masonry 
and reinforced concrete. Steel is now making inroads in the 
low rise residential field, where its primary competition is 
wood. The rapid growth of steel applications in all types 
of buildings is due mainly to the development of lightweight 
flat rolled steel components.
From a national point of view, it is not enough to minimize 
the consumption of energy required to maintain comfortable 
conditions inside a building. The initial energy spent on 
building materials should also be taken into consideration.
ENERGY INPUT REQUIRED TO MANUFACTURE AND ERECT BUILDINGS
A given building can be made from a variety of materials, but 
most larger commercial, industrial and institutional buildings 
are made primarily from concrete and/or steel. People involved 
in the building process are generally aware that it takes many 
times greater energy to produce one ton of steel than one ton 
of concrete. Consequently, many people are under the impression 
that steel buildings are a waste of energy.
We recently carried out an investigation and the results were 
quite surprising. First of all, we attempted to assess the 
energy content of the two materials in question, taking into 
consideration the energy content of all main raw materials 
(references 1 to 10) and end processes. The results are 
shown in Tables 1 and 2.
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The tables show that as expected, the energy content per ton of 
steel is indeed considerably higher than that of concrete. 
Depending on the type of steel used and the quality of concrete, 
the energy content of steel is between 16 and 30 times greater 
than the energy content per ton of concrete.
In order to compare the energy content of similar buildings made 
from concrete or steel respectively, we selected a fairly typical 
free span warehouse 80' (24.4 m) wide, 200' (61 m) long, and 
22' (6.7 m) high.
The steel building is a standard rigid frame Robertson Building 
Systems RF preengineered structure (reference 11). The weight 
of steel includes frames, purlins, girts, roof and wall sheathing, 
flashings, etc. A conceptual warehouse made from precast concrete 
was designed and its weight estimated by an independent consultant 
(reference 12). The weights and energy content of the two 
buildings are shown in Tables 3 and 4. The concrete floor was 
not included in the comparison, as it is assumed to be identical 
in both cases.
It can be seen that in this particular case, the energy content 
of the concrete building is more than 2-1/2 times greater than 
that of the comparable steel building. In fact, the steel 
reinforcement alone used in the concrete building has a 
considerably higher energy content than the whole preengineered 
building, including the foundation. From an energy conservation 
point of view, by selecting a steel warehouse, one would save 
over 2,800 x 106 btu's (2.954 x 109 kJ).
If the warehouse is well insulated (U = .06, Ugj = .34 per roof 
and U = .09, USI = .51 per walls), has only a few windows and 
is located in a 7,000 degree day zone (3,890 SI degree days), 
its annual heating demand might amount to approximately 600 to 700 x 10b btu's (633 to 739 x 10^ kJ) per year. This means the 
initial saving in heat content when choosing a steel building 
might be equivalent to energy required to heat the building 
over a period of four years.
ENERGY REQUIRED TO MAINTAIN ADEQUATE TEMPERATURE INSIDE A BUILDING
Solar Gains
Harnessing of solar heating is not a new idea. Every building 
gains heat from the sun, but when energy was cheap, this heat was
530 FIFTH SPECIALTY CONFERENCE
not taken into consideration. Several measures, such as 
proper orientation of the building, location of windows, etc. 
can increase the utilization of passive solar energy. By 
choosing the right colours for roofing and siding, more 
solar heat can be absorbed or rejected. The utilization of 
the steel envelope as solar collectors is currently being 
studied. Steel will also play a role in other components 
of passive and active solar heating systems, but this goes 
beyond the scope of this paper.
Heat Loss or Gains Through the Building Envelope
(1) Introduction
The utilization of light gauge steel elements in building 
construction has some well known advantages such as high 
strength to weight ratio, dimensional exactness, no 
warpage or rotting problems and no termite infestation. 
However, steel when compared to concrete and particularly 
to wood has a very low thermal resistance (see Table-5).
It should be emphasized that resistivity R/A (where A  = 
area perpendicular to the heat flow path) rather than 
resistance R is a more meaningful indicator of thermal 
performance because heat flow is proportional to 
resistivity. Because the cross-sectional area of 
comparable steel components is much smaller than for 
wood or concrete components, the difference in 
resistivities is not as pronounced.
Nevertheless, building construction utilizing steel 
components requires special attention to lessen the 
effect of "thermal bridges". This section of the 
paper will quantitatively review the effects of 
conductive bridges and investigate methods to improve 
thermal performance.
These methods will be applied to assess the thermal 
performance of wall framing in residential buildings.
In addition, a segment of a mobile home will be analysed 
for heat transfer.
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(2) Methods of Reducing Heat Transfer
A thermal bridge is any component which partially or 
totally bridges the exterior building envelope and has a 
significantly lower thermal resistance value relative to 
the remainder of the envelope. Thermal bridges can be 
made visual by the use of thermographic photographs 
(Figures 1 and 2). They are being used extensively 
to calculate heat losses and thereby determine thermal 
trouble spots.
In utilizing steel, four techniques can be applied to 
reduce the heat flow:
(i) Reduce the thermal bridge cross-section.
(ii) Increase the heat path length.
(iii) Use highly insulating materials in series 
with the thermal bridge.
(iv) Reduce the "fin" effect of thermal bridges.
Light gauge flat rolled steel elements require a smaller 
cross-section than comparable wood or concrete components 
because of differences in relative rigidities and strengths.
A  further reduction in the cross-sectional area of a steel 
thermal bridge can be obtained by cutting out material in 
the web (see Figure 3).
In addition, cut outs in the steel web can be arranged in 
such a way that not only the cross-sectional area is 
reduced, but the path length can be increased. We have 
developed a thermal steel stud at Dofasco which accomplishes 
this by a series of alternate rows of slots which can be 
lanced during the roll forming process (see Figure 4).
Utilizing a highly insulating material in series with the 
thermal bridge will interrupt the heat path flow. This is 
particularly important in metal buildings where compressed 
insulation at the purlins or girts results in a substantial 
reduction in the thermal resistance (discussed in "Industrial 
Metal Buildings" in this section). This problem is magnified 
when the "fin" effect is introduced (illustrated in Figure 
5a) because of the resulting two dimensional heat flow.
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For relatively small fins, adjustments are made in analytical 
calculations (as shown in the following section). However, 
when metal sheathing is used, more elaborate methods of 
calculating must be used to determine the lateral heat 
flow through the fin (see Figure 5b).
(a) Analytical Calculations
A computer program (see Figures 13 and 14) was developed 
at Dofasco to calculate the heat loss through a wall 
framed with either solid or thermal steel studs based 
on the ASHRAE Zone Method (reference 13).
The basis of the method involves solving an analogous 
electrical circuit (see Figures 7 and 8) for the thermally 
bridged and unbridged zones (see Figure 6). The lateral 
heat flow due to the fin effect (Figure 5a) is taken into 
account by varying the size of the bridged zone.
To validate the theoretical accuracy of the zone method 
and the stud web thermal model, a series of tests were 
conducted at the Ontario Research Foundation (reference 14). 
In this program, four 6' x 6' (1.8 m x 1.8 m) wall sections 
were tested in the guarded hot box in accordance with the 
method prescribed in ASTM C236-67. The first control 
wall had no thermal bridges while the remaining three 
walls were constructed with solid, double slotted and 
triple slotted thermal studs respectively (see Figure 9).
It was impossible to theoretically estimate the 
resistivity of the air in the steel slot (Z2 in Figure 8) 
because of the complex shape and the possibility of the 
slot being partially filled with insulation. By 
comparing tests with analytical results, it was estimated 
that this resistance equals:
°F-HR-FT.2 
2 " ,75 BTU (.13 2-)°k w
2
It should be noted that the resistance of the air in the 
slots has a small effect on the total average wall 
resistance.
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The results of analytical calculations and tests are 
listed in Table 8. Variance between the actual performance 
and predicted values never exceed 3%, which indicates that 
the model developed for thermal steel studs is satisfactory 
in predicting wall heat flow resistance. The average wall 
resistance for various wall configurations listed in Tables 
7 and 8 were calculated with the aid of a computer program 
based on the thermal stud model, defined in Figures 7 and 8.
Assuming one directional steady state heat transfer, the 
temperature profile through the wall as well as the 
horizontal temperature gradient across the wall (see 
Figure 6) can easily be calculated. The temperature 
profile through the wall cross-section is necessary to 
investigate condensation problems within the wall 
(discussed in "Condensation").
To avoid "ghosting" or dust patterns caused by dust 
settling on the cooler areas, the temperature gradient 
AT (Figure 6) should not exceed 5°F (2.8°C). This gradient 
(AT) for various wall constructions is listed in Tables 
6 and 7.
(b) Discussion of Analytical Results
(i) Effect of Number of Rows of Slots and Exterior 
Insulation
The average thermal resistance of a wall can be 
increased substantially by the utilization of 
thermal steel studs (see Table 9). However, as 
illustrated in Figure 12, the rate of increase of 
resistance diminishes with each additional row of 
slots.
A comparison between Tables 6 and 7 shows the 
effect of thermal studs when additional external 
insulation is used. While the effectiveness of 
slotting is decreased, it is still worthwhile 
to use thermal studs.
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(ii) General Analysis
Tables 6 and 7 show the effect of stud spacing 
on wall resistance.
A comparison of Figure 13 to Figure 14 shows that 
the steel stud thickness has a relatively small 
effect on average wall resistance.
The definition of the bridged zone width in ASHRAE 
is critical in calculating overall wall resistance 
since it accounts for lateral heat flow. The 
definition correlates satisfactorily with test 
results for typical sheathings. However, we suspect 
that the bridged zone is excessively large in cases 
where several inches of insulation are utilized in 
series with the thermal bridge. The importance of 
the zone width is illustrated in the subsequent 
section "Double Wall Staggered Stud Construction".
(iii) Comparison of Steel Stud to Wood Stud Walls
Table 10 shows that the thermal resistance of thermal 
steel stud walls is lower than for comparable wood 
stud walls. Wood studs, however, are restricted to 
either 3-1/2" or 5-1/2" thickness while the steel 
studs can be roll formed to any depth required.
As Table 11 shows the effect of thermal bridges 
of any type of stud (wood or steel) in double 
wa ll construction is very small.
(c) Double Wall Staggered Stud Construction
The staggered stud thick wall construction technique is 
currently being utilized as another method to increase 
the thermal efficiency of residential low rise homes.
This type of construction (illustrated in Figure 15) 
has two main advantages:
(i) Substantially increased wall resistance because 
of a greater thickness of insulation and a 
considerable reduction of thermal bridging.
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(ii) In conventional walls, the integrity of the 
vapour barrier, and hence the tightness of the 
house, is affected by perforations required to 
service the house interior. The vapour barrier 
will be continuous and uninterrupted if placed 
as shown in Figure 15.
Analytical resistance calculations (see Table 11) show 
the importance of the size of the bridged zone (see 
"Discussion of Analytical Results") by comparing a 
4" wide and 12" wide bridged zone. Additional testing 
is required in order to determine the actual bridge 
zone width to be used in analytical calculations.
If the 4" wide zone proves to be a more accurate indicator 
of actual wall performance, then the use of thermal studs 
is not warranted since only a slight increase in average 
wall resistance results. The reverse is true for the 
12" wide zone.
(d) Industrial Metal Buildings
Prior to the current era of energy awareness, most metal 
buildings utilized the insulating techniques illustrated 
in Figure 10a. Here, the insulation is stretched and 
then compressed over the purlin or girt as the metal 
exterior skin is attached. The combination of compressed 
insulation (reference 16), metal sheathing fin effect 
(see Figure 5b) and fasteners that bridge the cold and 
warm surfaces considerably reduces the average resistance 
value (see Table 14). In addition, there is the potential 
problem of condensation (see subsequent section on 
"Condensation").
By utilizing an insulation spacer (see Figure 10b) 
between the purlin and roof panel, a substantial increase 
in average resistance can be obtained (see Table 14). 
However, this method does not eliminate the thermal 
bridge due to the fasteners which still present a potential 
problem with point condensation. This problem can be 
decreased by utilizing two fasteners (see Figure 10c) 
that do not bridge the cold to warm surfaces.
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The addition of a pliable tape or plastic washer in series 
with the metal surfaces of a thermal bridge does very little 
to increase the thermal resistance of the section. The 
tape may in fact enhance heat losses by providing a better 
contact area between the steel surfaces (reference 16).
Condensation
Excessive and continuous condensation on steel surfaces may 
lead to corrosion and must therefore be avoided. Normal 
activity (cooking, bathing, cleaning) by a family of four can 
impart 44 lb. (20 kg) of water vapour per day into the environment 
of a residential building (reference 17). Consequently, in Winter, 
the warm air inside a home will have a greater concentration of 
water vapour and hence greater vapour pressure than the outside air.
This pressure gradient forces the air/vapour mixture to migrate 
through the building envelope (wall or roof) towards the exterior. 
The amount of moisture transported is dependent on the vapour 
pressure difference and the resistance to vapour flow (permeability) 
of the wall material.
Knowing the relative humidity and temperature profile through the 
wall, one can determine the location of the dew point (saturation 
temperature) within the wall cavity. Of course, if the temperature 
at any surface should fall below 32°F (0°C), freezing will occur.
When the dew point is reached in the material of low permeability, 
such as fiberglas insulation, the water vapour will continue to 
migrate towards the nearest surface of low permeability where it 
will condense. This surface may be a steel stud flange or the 
internal sheathing face.
Three methods to control condensation are:
(1) Impede the migration of vapour by the use of vapour barriers.
(2) Reduce the relative humidity inside a building.
(3) Shift the dew point outside of all critical elements such 
as steel studs.
The effectiveness of a vapour barrier is decreased because any 
perforation or interruption in the impermeable membrane will 
provide a path through which vapour can migrate. The staggered 
stud double wall construction technique (illustrated in Figure 15) 
increases the integrity of the vapour barrier.
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The relative humidity can be lowered bv providing ventilation.
In the case of the roof cavity (attic), moisture laden air must 
be removed before it condenses. However, in the case of the 
living area of a residential building, a minimum relative 
humidity is required for comfort during the Winter.
The utilization of an exterior insulation is the most effective 
method to eliminate condensation problems since the dew point 
is shifted outside of the structural envelope.
Mobile Home Corner Numerical Example
(1) Description of Problem
A wall/floor mobile home construction detail containing a 
new perimeter steel frame design is shown in Figure 16.
An investigation was.carried out to determine whether 
thermal losses can be reduced at a reasonable cost.
(2) Analytical Calculations
Calculations were done using the ASHRAE Zone Method to 
determine the resistance of the wall/floor section and 
compared to a test carried out by Ontario Research 
Foundation (reference 18). This test was performed 
because of the uncertainties caused by two dimensional 
heat flow at the wall to floor interface.
Table 12 indicates that the variance between analytical and 
test values for the wall and floor sections is 1% and 9% 
respectively. The greater variance in the resistance value 
for the floor probably can be attributed to errors in calculating 
the overlapping bridged zones at the joist to perimeter channel 
connection.
(3) Proposed Modification to Mobile Home Wall/Floor Section
The proposed modifications are shown in Figure 17. This 
modification breaks any direct thermal bridge and results in 
a 71% increase in the floor resistance value (see Table 12).
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The temperature gradient through the perimeter channel (see 
Figure 19) was determined by the use of an electrical analogy 
(see Figure 18). As the temperature distribution indicates 
the dew point (for 70°F or 21°C and 50% relative humidity; 
dew point = 50°F or 10°C) will be reached in the cross-section 
even when 1" exterior SM insulation is used on the exterior 
web of the perimeter channel. Care must therefore be taken to 
assume that a good vapour barrier exists between the plywood 
floor and supporting steel sections to minimize condensation 
on the perimeter steel channel.
However, even though the addition of 1" exterior SM insulation 
along the perimeter channel results in only a 3.5% decrease 
in total heat loss (see Table 13), it is needed to reduce the 
chance of frost buildup.
The modified wall section incorporates thermal steel studs 
(three rows of slots) which increases the average wall 
resistance by 27% (see Table 12). If both modifications 
are incorporated in the mobile wall/floor section, then a 
33% reduction in heat loss can be realized (see Table 13).
Thermal Lag
The effect of thermal lag (also referred to as thermal mass) 
has been discussed extensively during the last few years 
(references 20 to 24). Briefly, high thermal mass means high 
heat storage capacity of building elements. This capacity 
equals the specific heat of the material multiplied by its 
mass. Of particular interest is the heat storage capacity of 
a building's outer envelope.
Steady state calculations show that walls with high mass have 
a flywheel effect. For instance, heat stored in walls during 
the day is released during night when the air temperature is 
generally cooler, thus slightly reducing the amount of heat 
which must be generated to maintain the desired indoor temperature. 
It is therefore claimed that the massive masonry walls save heat 
and consequently, the amount of required insulation can be slightly 
reduced. This so called "M" effect was confirmed in 1976 by the 
Midwest Research Institute (reference 20) in real-life dynamic tests.
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However, during the same series of tests when the night temperature 
was reduced (nighttime setback of 10°F or 5.5°C, or 20°F or 11.1°C), 
the reverse became true. The heavy mass walls became less energy 
efficient than the light steel walls. In addition, the flywheel 
effect has, in the case of nighttime setback, a negative effect 
on comfort. It takes longer to bring the building back to the 
designed temperature. During this time, cold walls make conditions 
uncomfortable.
The effect of high thermal mass also depends on the location of 
thermal insulation. This effect was taken into consideration in 
G. P. Mitala's paper published by the National Research Council of 
Canada in 1978 (reference 24). This study was based on weather 
data for Winnipeg, Ottawa and Vancouver, i.e. for degree days 
varying between 5,700 and 10,700 (3,170 and 5,940 SI degree days).
It we substitute high mass external walls for low mass walls, the 
M effect would save some heat energy. This means that to obtain 
the same annual heating energy requirements, the thermal resistance 
of the walls could be lowered by AR.
The study determined this permissible reduction AR of thermal 
resistance as a function of mass of walls using two parameters:
(1) Internal Energy Requirements
(a) Building with low energy requirements for lighting 
fans and pumps.
(b) Building with high energy requirements for lighting, 
fans and pumps.
(2) Location of Insulation
(a) Mass layer on the outside of insulating layer, i.e. 
insulation on the inside.
(b) Mass layer in direct contact with interior air space, 
i.e. all insulation on the outside.
2For a concrete or masonry wall having a mass of 400 kg per m , 
or 82 lb. per square foot, and a building with low energy 
requirements, the study reports AR to be negligible regardless 
if external or internal insulation was used.
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For instance, for walls insulated to R = 11.35 (Rgi = 2),
AR amounted to .045 or only 0.4%. This AR saving corresponds 
to a layer of fiberglas insulation 0.020" (5.08 x KT^m) thick.
In buildings with high energy space requirements, such as large 
office buildings, AR depends on the location of the insulation 
layer. Again, assuming a wall having a mass of 400 kg per nr 
and in this case insulated to R = 17 (Rgj = 3), the permissible 
reduction in wall thermal resistance, AR, is as follows:
(i) Mass layer on the outside (internal insulation)
AR = .51 or 3% of R (ARsi = *6).
(ii) Mass layer in direct contact with interior air 
space, AR = 3.97, or 23.3% of R (ARgj = .7).
It is thus obvious thermal mass has a significant effect only in 
buildings with high requirements for lighting, fans, etc. and only 
if all the insulation is placed on the exterior side of the high 
mass walls. Even then, lowering the temperature during night 
might reverse the effect.
CONCLUSIONS
(1) The energy required to produce a quantity of steel is many 
times greater than that required to produce the same 
quantity of concrete. Nevertheless, preengineered steel 
buildings can have a considerably lower energy content 
than a comparable concrete building.
(2) By proper design, the heat loss through steel framing 
components and the related problem of condensation can be 
greatly reduced. In particular, thermal slotting of steel 
components and breaking thermal bridges by insulation proved 
to be quite effective.
(3) In most cases, high thermal mass in external walls has only a 
marginal effect on thermal efficiency of buildings.
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TABLE 1
TOTAL ENERGY CONTENT OF CONCRETE
TYPE OF CONCRETE ENERGY CONTENT
BTU'S PER TON KJ PER METRIC TON
3,000 psi (20 MPa) Concrete
W/C Ratio = 0 . 6
3/4" Maximum Aggregate Size
1.074 x 106 1.294 x 106
4,000 psi (27.5 MPa) Concrete
W/C Ratio = 0 . 5
1/2" Maximum Aggregate Size
1.36 x 106 1.58 x 106
5,000 psi (34.5 MPa) Concrete
W/C Ratio = 0.45
3/8" Maximum Aggregate Size
1.55 x 106 1.80 x 106
TABLE 2
TOTAL ENERGY CONTENT OF STEEL
ENERGY CONTENT
TYPE OF STEEL BTU'S PER TON KJ PER METRIC TON
Hot Rolled Steel and ReBars 25.2 x 106 29.3 x 106
Structural Steel 26.5 x 106 30.8 x 106
Cold Rolled Steel 31.6 x 106 36.75 x 106
Galvanized Steel Sheets 
(Assuming G-90 or Z-275 32.7 x 106 38.0 x 106
and .040" Thickness)
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TABLE 3
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TABLE 4























































Lightweight Concrete - 120 pcf 
(1922 kg/m3) .105 .728
Wood 1.250 8.667
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TABLE 6
CALCULATION OF RESISTANCE AND TEMPERATURE GRADIENT FOR DIFFERENT WALL CONFIGURATIONS
STUD ARRANGEMENT (SEE FIGURE 11)
WITH 1/2" EXTERIOR ASPENITE
BRIDGEDR. UNBRIDGEDR„ AVERAGE WALLra v g
DECREASE FROM NO _VT PER FIGURE 6J STUD IN %A B A B A B °F °C
3-1/2" DEEP WALL CAVITY
No Stud 14.89 2.58 14.89 2.58 14.89 2.58 - - -
Steel Stud 16" On CenterNo Slot 4.10 7.10 14.89 2.58 9.45 1.63 36 7.2 4.0Two Slot 5.23 0.905 14.89 2.58 10.61 1.89 29 5.0 2.8Three Slot 5. 96 1.03 14.89 2.58 11.21 1.94 25 4.1 2.3
Steel Stud 24" On CenterNo Slot 4.10 0.710 14.89 2.58 10.76 1.86 28 7.2 4.0Two Slot 5.23 0.095 14.89 2.58 11.73 2.03 21 5.0 2.9Three Slot 5.96 1.03 14.89 2.58 12.22 2.12 18 4.1 2.3
5-1/2" DEEP WALL CAVITY
NO Stud 21.55 3.73 21.55 3. 73 21.55 3. 73 - - -
Steel Stud 24" On Center
No Slot 4.61 0.798 21.55 3.73 14.04 2.43 35 6.9 3.8
Two Slot 5.79 1.00 21.55 3.73 15.42 2.67 28 5.1 2.8Three Slot 6.60 1. 14 21.55 3.73 16.20 2.80 25 4.3 2.4
6" DEEP WALL CAVITY 
Steel Stud 24" On Center
No Slot 4.74 0.820 23.21 4.02 14.80 2.56 31 6.9 3. 8Two Slot 5.92 1.02 23.21 4.02 16.28 2.82 24 5.1 2.8Three Slot 6.75 1.17 23. 21 4.02 17.21 2.98 21 4.3 2.4
A - °F—HR—F T .2/BTU»  — m 2  — °  v c . / v i
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TABLE 7
CALCULATION OF RESISTANCE AND TEMPERATURE GRADIENT FOR DIFFERENT WALL CONFIGURATIONS
STUD ARRANGEMENT (SEE FIGURE 11)







DECREASE FROM NO 
STUD IN %
AT PER FIGURE 6
°F °CA B A B A B
3-1/2" DEEP WALL CAVITY
No Stud 18- 57 3.22 18.57 3.22 18.57 3.22 - - -
Steel Stud 16" On Center
No Slot 8.01 1. 39 18.57 3.22 13.55 2.35 27 2.9 1.6Two Slot 9.36 1.62 18.57 3.22 14.54 2.52 22 2.2 1.2Three Slot 10.20 1.77 18.57 3.22 15.08 2.61 19 1.8 1.0
Steel Stud 24” On CenterNo Slot 8.01 1. 39 18. 57 3.22 14.89 2.58 20 2.9 1.6Two Slot 9.36 1.62 18.57 3.22 15.68 2.72 16 2.2 1.2Three Slot 10.20 1.77 18.57 3. 22 16.09 2.79 13 1.9 1. 1
5-1/2” DEEP WALL CAVITY
No Stud 25.23 4.37 25.23 4.37 25.23 4.37 - - -
Steel Stud 24” On CenterNo Slot 8.65 1.50 25.23 4.37 18.56 3.21 26 3.1 1.7Two Slot 10.07 1. 74 25.23 4.37 19.68 3.41 22 2.4 1.3Three Slot 11.02 1.91 25.23 4. 37 20. 32 3.32 19 2.1 1.2
6” DEEP WALL CAVITY
Steel Stud 24” On CenterNo Slot 8. 8 1.52 26.89 4.66 19.42 3.36 23 3. 1 1.7Two Slot 10.24 1.77 26.89 4.66 20.61 3.57 18 2.4 1.3Three Slot 11.21 1.94 26.89 4.66 21. 31 3.69 16 2.1 1.2
A - °F-HR-FT.2/BTU
B - m2-°K/W
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TABLE 8










FROM TESTA BA B
Unbridged Wall 
(No Stud) 24.13 4.18 24.50 4.25 - 1.5
Solid Steel Stud Wall 12.21 2.12 12.20 2.12 0
Two Slot Rows Steel 
Stud Wall 13.98 2.42 13.60 2.36 + 3
Three Slot Row Steel 
Stud Wall 15.04 2.61 14.90 2.58 + 1
A - °F-HR-FT.2/BTU
2 o ,B - m - K/W
TABLE 9
EFFECT OF THREE ROWS OF THERMAL SLOTS ON THE BRIDGED 




INCREASE IN RESISTANCE OF 
BRIDGED ZONE DUE TO THE 
INTRODUCTION OF THREE ROWS 
OF THERMAL SLOTS IN A 
STEEL STUD - IN %
INCREASE IN AVERAGE 
WALL RESISTANCE DUE 
TO THE INTRODUCTION 
OF THREE ROWS OF 
THERMAL SLOTS IN A 
STEEL STUD - IN *
3-1/2" Deep Wall Cavity 45 14
5-1/2" Deep Wall Cavity 43 15
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TABLE 10







A B IN %
3-1/2" DEEP WALL CAVITY
1/2" Fiberboard External Sheathing 
2 x 4  Wood Stud 16" On Center 13.66 2.37
Steel Stud 24" on Center 
Zero Slot 10.76 1.87
I
21
Three Slot 12.22 2.12 11
1" Exterior Insulation (Extruded 
Polystyrene)
2 x 4  Wood Stud 16" On Center 17.51 3.04
Steel Stud 24" On Center 
Zero Slot 14.89 2.58 15
Three Slot 16.09 2.79 8
5-1/2" DEEP WALL CAVITY
1/2" Fiberboard External Sheathing 
2 x 6  Wood Stud 24" On Center 20.17 3.50
Steel Stud 24" On Center 
Zero Slot 14.04 2.43 30
Three Slot 16.20 2.81 20
1" Exterior Insulation (Extruded 
Polystyrene)
2 x 6  Wood Stud 24" On Center 23.98 4.16
Steel Stud 24" On Center 
Zero Slot 18.56 3.22 23
Three Slot 20.32 3.52 15
A - °f-hr-f t .2/btu
B - m2-°K/W
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TABLE 10 CONT'D.







A B IN %
6" DEEP WALL CAVITY
1/2" Fiberboard External Sheathing
2 x 6  Wood Stud 24" On Center 20.17 3.50 -
Steel Stud 24" On Center
Zero Slot 14.80 2.57 27
Three Slot
1" Exterior Insulation (Extruded 
Polystyrene)
17.21 2.98 15
2 x 6  Wood Stud 24" On Center 23.98 4.16 -
Steel Stud 24" On Center
Zero Slot 19.42 3.37 19
Three Slot 21.31 3.70 11
A - °F-HR-FT.2/BTU B - m2-°K/W
TABLE 11








No Stud 43.19 7.49 -
j Solid Steel Stud
j 12" Wide Zone 1* 34.10 5.91 21
j 4" Wide Zone 1* 38.97 6.76 10
Three Slot Thermal Stud
12" Wide Zone 1* 37.10 6.43 14
4" Wide Zone 1* 39.90 6.92 8
A °f-hr-f t .2/b tu B m2-°K/W * - Bridged Zone
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TABLE 12













TESTA B A B
ORF Test Values 
(Fiqure 16) 8.04 1.39 - 8.24 1.43 -
Analytical Calculation 
For ORF Test 
(Figure 16)
8.09 1.40 1 7.50 1.30 - 9
Modified Section 
(Figure 17) 10.21 1.77 27 14.09 2.44 + 71
‘Vertical heat flow including flow through the perimeter channel is treated 
here as heat loss through the floor.
A - °F-HR-FT.2/BTU B - m2-°K/W
TABLE 13
HEAT LOSS THROUGH MOBILE HOME WALL FLOOR SECTION
SECTION
TOTAL HEAT LOSS 
THROUGH SECTION % CHANGE FROM ORF TESTBTU/HR. W
ORF Test Value 
(Figure 16) 117.20 34.34 -
Analytical Calculation 




(Figure 17) 78.0 23.68 - 31
Modified Section Without 
1" Exterior SM Insulation 
(Figure 17)
80.8 22.86 - 33
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TABLE 14
COMPARISON OF THERMAL RESISTANCE FOR A TYPICAL 










R VALUE PER FIGURE 
10a - NO INSULATION 
SPACER
R VALUE PER FIGURE 
10b - INSULATION 
SPACER
A B A B
1-1/2 5.2 0.90 4.8 0.83 5.2 0.90
2 6.9 1.20 5.4 0.94 6.3 1.09
3 10.3 1.79 6.9 1.20 9.1 1.58
4 13.8 2.39 7.2 1.25 11.4 1.92
A - °F-HR-FT.2/BTU B - m2-°K/W*See Reference 19
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FIGURE 1
THERMOGRAPHIC PHOTOGRAPH OF AN INTERIOR ROOM SHOWING LOWER 
TEMPERATURES IN AREAS OF HIGH HEAT LOSS - THE DARKER 
__________THE COLOUR, THE GREATER THE HEAT LOSS___________
THERMOGRAPHIC PHOTOGRAPH OF HOUSE EXTERIOR - THE LIGHTER THE 
_______COLOUR, THE GREATER THE HEAT LOSS______________
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FIGURE 3
EXAMPLES OF THERMAL STUDS
FIGURE 4
TYPICAL STEEL STUDS AND THERMAL SLOTTED STEEL STUDS
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FIGURE 5a
ILLUSTRATION OF THE FIN EFFECT IN A STUD
Cold








DETERMINATION OF THE TEMPERATURE DIFFERENCE BETWEEN 
BRIDGED AND UNBRIDGED ZONES OF A TYPICAL WALL
Outside Center Line 
T = 10°F Between Studs
This example is the same as in the computer output shown in Figure 13
D _ , 1A °F-HR-FT.2
RZone 1 4,10 BTU
r = 14 89 °F~HR-FT.2
zone 2 14*89 BTU
T1 = 70 - (^7J-)60 = 60.06
t2 = 70 - (i5 7 W ,6° * 67-26
Temperature difference between zones AT = T£ - T^
= 67.26 - 60.06
= 7.2°F
* Defined in Reference 13
>l
so
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FIGURE 7
ELECTRICAL ANALOGUE OF ZONE METHOD
__________________ Resistance__________________
Intrinsic Area Perpendicular to Heat Flow Path
Legend
Denotes Zone Denotes zone
Z^ = Inside Air Film Z,. = Exterior Sheathing
Z2 = Inside Sheathing Z^  = Exterior Air Film
Z^ = Insulation 
Z^ = Thermal Bridge
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FIGURE 8
STUD WEB HEAT FLOW MODEL
Lanced Slots
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FIGURE 9






AU x:n[Mr i j ,..h |A
1-1/2 tf:;!
Four Angle Brackets j 
3" x 1-1/2” x 2" j 
• 030" Thick - Spot >
Weld to Stud am? 'iljij,; !
Screw to Wood Plate :j * /''''"'Tt- ?u!:- |
_^3/4" Plywood
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FIGURE 10
METAL BUILDING CONSTRUCTION DETAILS
(a) Typical Detail
(b) Modified Detail With Fastener Thermal Bridgei
7,i i jjjfp) j !
i i u i h  lU j J
 ^ \ Metal Panel
\ '— Blanket Insulation 
\ '— Insulation Block 
astener
urlin or Girt
(c) Modified Detail Without Fastener Thermal Bridge
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FIGURE 11
WALL CROSS-SECTION USED FOR ANALYTICAL CALCULATIONS 
______________ IN TABLES 6, 7, 8y 9, 10_______________
(a) With 1/2" Exterior Aspenite Outside
< /  / .<  A \ / .< /././/. /  /./  / ,  I t-n*
\  )! j J
- T - t
LIU
. Wall Cavity 
Depth
M
Air Film R = .17 
Siding R = 1.22 per inch 
Aspenite R = 2.64 per inch 
Insulation R = 3.3'3 per inch 
Gypsum R = .9 per inch 
Air Film R = .68
(b) With 1" Exterior Insulation
Air Film R = .17 
Siding R = 1.22 per inch
External Insulation Sheathing R = 5 per inch 
—  Insulation R = 3.33 per inch 
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FIGURE 12
Lower than the Wall Resistance Containing No Studs
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FIGURE 13
EXAMPLE OF COMPUTER OUTPUT
INPUT BfiTfl
NAME THICKNESS*'IN) RESISTANCES. HRSQFT.
INSULATION 3.5066 3.3308
EXT. CLADDING 6.5800 1.2260
EXT. SHEATHING ft! 8.5006 2.6488
INT. SHEATHING #1 6.5806 6.9606
INT. SHEATHING #2 0.8066 6.6086
INT. SHEATHING S3 6.6080 6.0000
EXT. SHEATHING #2 6.6866 6.0666
STUB DIMENSIONS
STUD M1DTH(S0>= 1.5 
STUD DEPTH(S1>= 3.5 
STUD THICKNESSS3> = 8.638
STUD SPACING<U3)s 24
NO. OF SLOT R0WS<J)= 6
CONSTANTS USED IN PROGRAM********* **** ** *******
OUTSIDE AIR FILM RESISTANCES>= O.l?
INSIDE AIR FILM RESISTANCE^)3 6.68
RESISTANCE OF AIR IN SLOTS<C?>= 8.75
RESISTANCE OF STUD NAT’L<C8>3 3.88888E-03 
RESISTANCE OF AIR IN STUD SPACECC9)3 8
RESULTS*******
Ri=
ps>=RESISTANCE OF ZONE 1; RESISTANCE OF ZONE 2:
AV’G RESISTANCE OF STUD NEB 
AV’G RESISTANCE OF NALL>R- 






TOTAL HEAT LOSS THRU WALL»£KBTU/HR.SQ.FT>= 5.574676113
TEMPERATURE PROFILE FROM US TO O^S SURFACE OF HALL*********** ******* **** *** ** *** ******* ** ****
location ZONE 1 ZONE 2
INSIDE air 
AFTER I>s AIR FILM 
AFTER 1ST US SHEATH 
AFTER STUD SPACE 
AFTER 1ST EXT SHEATH 
AFTER EXT CLADDING 















564 FIFTH SPECIALTY CONFERENCE
FIGURE 14
EXAMPLE OF COMPUTER OUTPUT
NAME THICKNESS(IN) RES IS']ANCEvF.HR
INSULATION 3.5080 3.3308
EXT. CLADDING 0.5000 1.2286
EXT. SHEATHING #1 0.5080 2.6400
INT. SHEATHING #1 0.5080 0.9000
INT. SHEATHING #2 0.8000 0.0000
INT. SHEATHING #3 0.3000 0.0000
EXT. SHEATHING #2 0.0000 0.0000
STUD DIMENSIONS
STUD NIDTH(S0>= 1.5 
STUD DEPTH<S1>= 3.5 
STUD THICKNESS<$3>= 0.033
STUD SPACING(N3>= 24
NO. OF SLOT RONS(J>= 0
CONSTANTS USED IN PROGRAM 
* * * * * * * * *  * * * *  * *  * * * * * * *
OUTSIDE AIR FILM RESISTANCE(01>= 0.1?
INSIDE AIR FILM RESISTANCE(C4>= 0.68
RESISTANCE OF AIR IN SLOTS<C7>= 6.75
RESISTANCE OF STUD MAT’L<C8>= 3.00008E-03 
RESISTANCE OF AIR IN STUD SPACE(C9>= 6
RESULTS
*******
RESISTANCE OF ZONE 1»R1 = 1.228622655
RESISTANCE OF ZONE 2,R2= 14.885
AV’G RESISTANCE OF STUD NEB >R<15>^ 0.010302 
AV’G RESISTANCE OF NALL?R= 10.88475818
AV’G TRANSMITTANCE OF NALL>T= 0.891371586
TOTAL HEAT LOSS THRU WALL* GKBTU-'HR. SQ. FT) = ir c-1 j  OuC 1 *•J. i *
TEMPERATURE PROFILE FROM US TO 0/S SURFACE OF NALL
* + i f - - S t -  *■ •$*9r ** -96- -St- * -it *9r ** ****
LOCATION ZONE 1 ZONE 2
INSIDE AIR 
AFTER l/S AIR FILM 
AFTER 1ST I/S SHEATH 
AFTER STUD SPACE 
AFTER 1ST EXT SHEATH 
AFTER EXT CLADDING 
AFTER 0/S AIR FILM 
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FIGURE 15
DOUBLE WALL STAGGERED STUD CONSTRUCTION
Outside
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FIGURE 16
MOBILE HOME WALL-FLOOR SECTION TESTED BY 
ONTARIO RESEARCH FOUNDATION
3/8"x — — Particle Board
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FIGURE 17
MODIFIED STEEL CONSTRUCTION OF MOBILE HOME WALL/FLOOR SECTION
3/8" Particle Board
R-12 Insulation/
3/8" Gypsum Wall Board
3-1/2" Steel Thermal Stud .030" Thick 
''' 16" On Center Three Slots
M e tal 
S id in g  ~
3-1/2" x .0.38 
Thermal S t e e l  
Stud Three S l o t s
Standard 3/16"
Steel P erim e ter  
Channel
3" SM Insulation^,







9-1/4" x .03" 
Steel I Joists 
16" On Center
Intermittent 
2 x 4  Spacers
Note: Perimeter channel is Set Back 5/8" to Accommodate SM Insulation
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FIGURE 18
PERIMETER CHANNEL ELECTRICAL ANALOGUE
TInside
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0.92
FIGURE 19
TEMPERATURE PROFILE THROUGH PERIMETER CHANNEL WITH 
ADDITIONAL 1" SM INSULATION (NO PARTICLE BOARD)
570 FIFTH SPECIALTY CONFERENCE
FIGURE 20
NALL AND ROOF CR^SS-SECTION
r
8 0 1 0 "
8" Insulated 










30" x 8'0" Double Tee
Roof Design Load
Snow - 32
Roofing & Insulation - 8
Piping - _5
Total 45psf
Wind Load = 2 1  psf
Footing 6'0" x 6'0" x 1'9" 
Assured Bearing = 4,000 psf
x 8"
>
Typical Wall Section 1/4" = 1'0"
PROJECT
CONCEPTUAL WAREHOUSE
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